Purpose Bilateral prophylactic mastectomy (BPM) is effective in reducing the risk of breast cancer in women with a well-defined family history of breast cancer or in women with BRCA 1 or 2 mutations. Evaluating patientreported outcomes following BPM are thus essential for evaluating success of BPM from patient's perspective. Our systematic review aimed to: (1) identify studies describing health-related quality of life (HRQOL) in patients following BPM with or without reconstruction; (2) assess the effect of BPM with or without reconstruction on HRQOL; and (3) identify predictors of HRQOL post-BPM. Methods We performed a systematic review of literature using the PRISMA guidelines. PubMed, Embase, PsycINFO, Web of Science, Scopus and Cochrane databases were searched. Results The initial search resulted in 1082 studies; 22 of these studies fulfilled our inclusion criteria. Post-BPM, patients are satisfied with the outcomes and report high psychosocial well-being and positive body image. Sexual wellbeing and somatosensory function are most negatively affected. Vulnerability, psychological distress and preoperative cancer distress are significant negative predictors of quality of life and body image post-BPM. Conclusion There is a paucity of high-quality data on outcomes of different HRQOL domains post-BPM. Future studies should strive to use validated and breast-specific PRO instruments for measuring HRQOL. This will facilitate shared decision-making by enabling surgeons to provide evidence-based answers to women contemplating BPM.
Introduction
Prophylactic mastectomy involves removal of healthy breasts for prevention of breast carcinoma. Indications for bilateral prophylactic mastectomy (BPM) may include: (1) BRCA 1 or 2 mutations or other genetic susceptibility; (2) strong family history with no demonstrable mutation; (3) histological risk factors; and/or (4) difficult surveillance [1] . Two independent studies have shown that the risk of developing breast cancer by age 70 years is 57-65 % in women with a BRCA 1 mutation and 45-47 % in women with a BRCA 2 mutation [2, 3] . Importantly, BPM has been shown to reduce the risk of breast cancer by up to 95 % in women with BRCA 1 or 2 gene mutations and up to 90 % in women with strong family history of breast cancer [4] [5] [6] [7] .
That said, BPM is a major elective and irreversible surgery that may result in complications from the surgical removal of both breasts and/or any subsequent reconstructive surgeries, a permanent change in a woman's outward appearance and potential changes in her healthrelated quality of life (HRQOL). Thus, while bilateral prophylactic mastectomy may be an attractive option in terms of reducing the risk of breast cancer, the decision to proceed surgically can have significant consequences and requires careful deliberation. Alternative options for highrisk individuals may instead include regular breast screening and/or chemoprevention.
In order to facilitate decision-making for women at high risk of breast carcinoma, the benefits and drawbacks of each approach should be well elucidated. This goes without saying for any surgical intervention but is especially important when considering preference-sensitive care and where there is more than one clinically appropriate treatment option for the condition. Thus, when considering BPM, patients should be informed not only of the impact that prophylactic surgery has on cancer incidence and survival, but also on expected HRQOL outcomes. This includes information about potential changes in body image, psychosocial, sexual and physical well-being after mastectomy with or without reconstruction. With this knowledge, patients and providers alike will be better equipped to make the best individualized decision for high-risk women.
The overriding goal of this systematic review was to thus summarize the existing body of literature that serves to evaluate patient-reported outcomes in women post-BPM. More specifically, the purpose of this study was threefold: (1) to identify studies that describe health-related quality of life in women after BPM with or without reconstruction; (2) to assess the effect of BPM on HRQOL; and (3) to identify predictors of HRQOL post-BPM.
Methods
This systematic review was designed and reported as per Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines ( Fig. 1 ) [8] and is registered with PROSPERO (CRD 42014012882) [9] .
Search strategy
We performed a systematic search of articles published in peer-reviewed journals in December 2014 using PubMed , Embase (from 1966 to 2014), Cochrane (1898-2014), Scopus (1960 Scopus ( -2014 , Web of Science and PsycINFO (1860 PsycINFO ( -2014 . We searched for articles in all available languages. Two categories of terms were searched: (1) prophylactic mastectomy and (2) quality of life. In PubMed and Cochrane, Medical Subject Headings (MeSH) were used (mastectomy, quality of life, sexuality, patient satisfaction and body image) as well as keywords. In Embase, Emtree terms were exploded (quality of life, sexuality, satisfaction, expectation, body image and distress) in addition to keywords. In Scopus, Web of Science and PsycINFO, only keywords were used.
Data analysis
Potentially relevant papers were examined by two reviewers (SR and VP) who worked independently, with discrepancies of opinion resolved by a third (CM). Inclusion criteria were as follows: (1) studies that evaluated health-related quality of life after BPM using one or more patient-reported outcomes (PRO) instruments; (2) studies published in a peer-reviewed journal; and (3) studies published in the English language. Citations for relevant articles were examined to identify additional articles. We did not evaluate the quality of the instruments used as this has been done elsewhere previously [10] . The MINORS (Methodological Index for Non-Randomized Studies) criteria were then used to assess the quality of individual studies [11] .
Results
An initial search identified a total of 1082 studies (PubMed: 242, Scopus: 232, Embase: 263, Web of Science: 309, PsycINFO: 30 and Cochrane: 6). After removing the duplicates, the total numbers of studies left were 522 and all of these were screened. On screening, 426 studies failed to meet our inclusion criteria and were removed from analysis. Full text was obtained for 96 studies. Out of these 96 studies, an additional 74 were excluded and 22 met our inclusion criteria as defined above . The reasons for exclusion were: 29/74 studies did not evaluate HRQOL, 18/74 were reviews or discussion or editorials, 14/74 were meeting abstracts, 3/74 were published in a foreign language, and 10/74 were qualitative studies (Fig. 1) . Four studies were designed as prospective cohort studies [15, 23, 28, 31] , and rest were case series [12-14, 16-22, 24-27, 29, 30, 32, 33] . Three studies by Metcalfe et al. [16, 17, 19] , two studies by Brandberg et al. [23, 28] , two studies by Gahm et al. [21, 25] and another three studies by Gahm et al. [26, 27, 32] were each based on same patient populations. Eight studies were from Sweden [21, [23] [24] [25] [26] [27] [28] 32] , five from the USA [12-14, 20, 22] , three each from Canada [16, 17, 19] and the Netherlands [18, 30, 31] , and one each from UK [15] , Turkey [29] and Norway [33] . Four studies compared HRQOL in patients with and without breast reconstruction following BPM [12, 14, 16, 30] . MINORS score for the 22 studies ranged from 5 to 12 (range 0-16 for non-comparative studies and 0-24 for comparative studies; ideal score being 16 and 24, respectively; Table 1 ).
Of the 22 studies, 11 used ad hoc questionnaires alone [13, 14, 18, 21, 22, 24-26, 28, 32, 33] ; 11 used 14 HRQOL instruments either alone or in combination with an ad hoc questionnaire [12, 15-17, 19, 20, 23, 27, 29-31] . The HRQOL instruments used were: Body Image after Breast Cancer (BIBC), Body Image Scale (BIS), Brief Symptom Inventory (BSI), Center for Epidemiologic Depression Scale (CES-D), Dutch Relationship Questionnaire (DRQ), Decision Regret Scale (DRS), General Health Questionnaire (GHQ), Hospital Anxiety and Depression Scale (HADS), Impact of Events Scale (IES), Michigan Breast Reconstruction Outcomes Study-Satisfaction (MBROS-S), Quality of Life Index (QOLI), Sexual Activity Questionnaire (SAQ), 36-Item Short-Form Health Survey (SF-36) and Spielberger State-Trait Anxiety Inventory (SSTAI). Breast-specific PRO instruments, i.e., BIS and BIBC, were used in three studies [15, 16, 23] . In only one study was a breast reconstruction-specific instrument, i.e., MBROS-S, used [29] (Table 1) .
Health-related quality of life assessment
Patient satisfaction with outcome following BPM ( Table 2 ; Fig. 2 
)
Thirteen studies evaluated patient satisfaction after BPM with or without reconstruction [12-14, 17, 18, 20, 22, 24-26, 28, 29, 33] . Twelve studies used ad hoc instruments based on Likert scales [12-14, 17, 18, 20, 22, 24-26, 28, 33] . In all of the 13 studies evaluated, it was observed that the majority of the women (61-100 %) were satisfied with BPM. Brandberg et al. [28] reported that for majority of women ([70 %), their perception of outcomes following BPM at 6 months and 1 year following surgery corresponded highly with their preoperative expectations. Overall, 70 % of the patients were satisfied with their outcomes following BPM.
Reconstruction versus no reconstruction
Frost et al. [14] reported that 69 % of the patients who had BPM and postmastectomy reconstruction (n = 534) were satisfied, whereas 100 % of patients who had BPM alone (n = 19) were satisfied. Only one study used a breast reconstruction-specific instrument, MBROS-S, and reported that 100 % (n = 21) of the patients were satisfied with their reconstruction [29] .
Patient satisfaction with decision-making (Table 3 ; Fig. 2 
)
Four studies specifically evaluated patient satisfaction with the decision to have BPM using ad hoc instruments and reported that 84-100 % women were satisfied with their decision to undergo BPM [12, 16, 20, 33] .
Reconstruction versus no reconstruction
Stefanek et al. [12] noted that 64 % of patients who had BPM and reconstruction (n = 11) were satisfied compared with 100 % of patients who did not have reconstruction (n = 3). Metcalfe et al. [17] reported similar mean Likert scores of 4.8 and 4.7 in women who had reconstruction (n = 38) and those who did not (n = 22), respectively. Psychosocial well-being (Table 4 ; Fig. 2 
)
Ten studies evaluated psychosocial well-being after BPM, and 72 % of the patients reported favorable results [12, 14-16, 19, 20, 23, 27, 30, 31] . Three studies used ad hoc instruments alone or in combination with other instruments [12, 14, 20] . Eight studies described a positive effect [14-16, 19, 23, 27, 30, 31] , and two studies reported mixed results of BPM on a woman's psychosocial well-being [12, 20] . Hatcher et al. [15] found that psychological morbidity and anxiety decreased significantly at 6 and 18 months after BPM compared with baseline (p \ 0.05). Brandberg et al. [23] observed that anxiety decreased significantly at 6 months and 1 year as compared to baseline (p \ 0.05). Gopie et al. [31] reported a significant decline in cancer distress at 6 and 21 months post-BPM (p \ 0.05). Stefanek et al. [12] reported that 86 % of the patients (n = 12) who underwent BPM responded that worry related to breast cancer to be at least a moderate problem to them. At the same time, none of the patients had clinically significant levels of depression as measured by the CES-D. Geiger et al. [20] reported that 56 % (n = 59) of the patients who had BPM responded to be concerned about breast cancer, and at the same time, 65 % (n = 69) patients had scores implying no depression on the CES-D.
Reconstruction versus no reconstruction
Eltahir et al. [30] found that in women (n = 26) who had BPM and reconstruction, 11.5 and 3.8 % had symptoms suggestive of anxiety and depression, respectively, on HADS. None of the women who had BPM alone (n = 2) reported anxiety or depression on HADS.
Body image (Table 5 ; Fig. 2 
)
Seven studies evaluated body image [14-17, 20, 23, 31] , and five of these used an ad hoc instrument either alone or in combination with other instruments [14, 16, 17, 20, 31] . Five studies described a positive body image following BPM [14] [15] [16] [17] 20] , one study reported a negative body image [31] , and one study reported mixed results [23] . On combining results from all the studies, 66 % of the patients reported favorable effects on their body image following BPM. Three studies compared body image after BPM over time. Hatcher et al. [15] reported no significant change in BIS median score of 4, indicating positive body image at 6 and 18 months. Brandberg et al. [23] observed no significant change between mean BIS scores at 6 and 12 months following BPM. However, they reported that at 1 year following BPM, more than 50 % women felt self-conscious, less physically attractive and were dissatisfied with appearance and body. Gopie et al. [31] using an ad hoc instrument noted that body image declined significantly at 6 months following BPM.
Reconstruction versus no reconstruction
Metcalfe et al. [17] reported similar BIBC scores in patients who had BPM and reconstruction (n = 38) and those who had BPM alone (n = 22). Sexual well-being (Table 6 ; Fig. 2 
)
Eleven studies evaluated sexual well-being after BPM, and overall 62 % of the patients reported favorable results [14-18, 20, 21, 23, 27, 31, 32] . Ten studies used an ad hoc instrument alone or in combination with other instruments [14, 16-18, 20, 21, 23, 27, 31, 32] . Six studies described favorable effects on sexual well-being following BPM [14] [15] [16] [17] [18] 32] , four studies reported negative effects [20, 21, 27, 31] , and one study reported mixed results [23] . Hatcher et al. [15] used the SAQ and reported no sexual discomfort and high sexual pleasure at 6 and 18 months following BPM with no significant change over time. Gopie et al. [31] used the DRQ and reported high sexual and partner relationship satisfaction at baseline that did not change significantly at 6 and 12 months following BPM. Brandberg et al. [23] used the SAQ and stated that pleasure decreased significantly at 1 year post-BPM compared with baseline. No significant differences in sexual habit or discomfort were noted. Less than 50 % of women (15-31 %) had a positive reaction to femininity or intimate situation at 6 and 12 months after BPM.
Reconstruction versus no reconstruction
Metcalfe et al. [17] noted similar mean SAQ scores in patients who had BPM and reconstruction (n = 38) and those who had BPM alone (n = 22). Patient regret (Table 7 ; Fig. 2 
)
Three studies evaluated patient regret, and two of these used ad hoc instruments [13, 24, 27] . Two studies reported none of the patients having any regret with their decision to have BPM [24, 27] . In summary, 95 % of the patients did not report any regret following BPM.
Somatosensory function (Table 8 ; Fig. 2 
Four studies evaluated somatosensory outcomes in women after BPM, and all used ad hoc instruments [21, 27, 28, 32] . All of the patients in these studies had postmastectomy breast reconstruction. Gahm et al. [21, 32] reported that more than 69 % (69-94 %) patients had sensitivity present to touch and temperature after BPM with reconstruction. Brandberg et al. [28] observed that 73 % of the patients had negative sensibility in breasts at 6 months and 1 year following BPM.
Predictors of HRQOL
Metcalfe et al. [19] determined that vulnerability (Body Image Scale) and psychological distress (Global Severity Index of BSI) were significant negative predictors of quality of life post-BPM. Gopie et al. [31] reported that high preoperative cancer distress (IES) and low BMI predicted a negative body image post-BPM and reconstruction, whereas a higher preoperative general physical health (SF-36) predicted a better body image.
Willingness to repeat and recommend BPM
Stefanek et al. [12] reported that 86 % of women (n = 12) were willing to recommend BPM to other women at high risk. Frost et al. [14] reported that 67 % (n = 381) of the women, who had BPM, would definitely or probably choose to have BPM again. Spear et al. [22] described that 100 % of women (n = 11) in their study were willing to undergo reconstruction again. Gahm et al. [25] noted that 92 % of patients (n = 22) would recommend BPM to another woman at high risk for developing breast cancer.
Initiation of discussion
Borgen et al. [13] reported that the discussion of BPM was initiated by the physician in 70 % of women, and 30 % of women initiated it themselves. 7.5 % of women (n = 19) in whom discussion about BPM initiated by physician reported regret. Two percent of women (n = 2) who initiated the decision about BPM themselves reported regret (p \ 0.05). Frost et al. [14] evaluated the variables associated with patient satisfaction after BPM. Physician's advice as the main reason to opt for BPM was associated with dissatisfaction.
Discussion
In recent years, a new breast cancer treatment paradox has emerged. The current approach toward treating breast cancer is to take out as minimal breast tissue as possible and avoid breast reconstruction surgery [34] . However, for a woman who has a future risk of breast cancer and has healthy breasts at present, the approach to reduce the risk of cancer is to remove both healthy breasts in their entirety and consider postmastectomy reconstructive surgery. Information regarding expected HRQOL will thus play an important role in the decision-making process of women considering BPM. To our knowledge, this is the first ever systematic review which evaluates patient-reported outcomes after BPM with or without reconstruction. Overall, our results suggest that women are highly satisfied with both their outcomes following BPM as well as their decision to have BPM. Ten of the 22 studies evaluated psychosocial well-being and reported that BPM does not cause significant negative effects on psychosocial wellbeing. Importantly, however, two independent studies suggested that a high proportion of women expressed persistent cancer worry following BPM [12, 20] . Seven studies evaluated body image after BPM, five of which reported that women maintained a positive body image after surgery. Three prospective studies reported body [15, 23] reported no significant change in body image over time after BPM. By contrast, using an ad hoc instrument, Gopie et al. [31] reported a significant negative change in body image after BPM at 6 and 1 year. Examination of women's sexual well-being after BPM reveals mixed results. Six of the eleven studies reported no negative effects on sexual well-being in women post-BPM, whereas four studies reported significant negative effects on sexual well-being. Gahm et al. [21, 27, 32] reported that a significant proportion of patients had decreased or loss of sexual feelings in their reconstructed breasts. Additional evidence suggests that patients have persistent discomfort in their reconstructed breasts after BPM [21, 27] . Thus, following breast reconstruction, majority of women experience some degree of loss of sensation and discomfort in the reconstructed breasts, which may impact upon their sexual well-being. Interestingly, the studies that compared quality of life in those who underwent BPM with reconstruction versus BPM alone generally reported higher or similar satisfaction in the non-reconstruction cohorts [12, 14, 16, 30] . Importantly, it is noted that the sample size of women who had BPM alone in these studies was very generally very small, ranging from 11 to 38 patients, making it difficult to draw any valid conclusions. Interestingly, it has also been hypothesized that women who chose BPM and postmastectomy reconstruction may have had different expectations regarding their outcomes than those who elected BPM alone-expectations that are perhaps more difficult to meet. Future investigations of the impact of patient expectations in this setting are thus warranted.
Another potential area for further investigations provided by this systematic review is about the role of physician in patient satisfaction after BPM. The results of two studies from the current review suggest that dissatisfaction or regret following BPM is associated with physicians initiating the topic of BPM [13, 14] .
One of the significant limitations of this review includes the fact that data presented have, in the majority of cases, been derived from using ad hoc instruments. These instruments have undergone neither a formal development nor validation process. In general, if an instrument cannot be relied upon to measure what it intends to measure, then the conclusions made from its data should be relied upon with caution. Additionally, many studies used generic instrument such as the SF-36 for measuring HRQOL in these patients. Generic instruments are not sensitive enough to measure physical and mental changes related specifically to BPM surgery with or without reconstruction. The BIS and BIBC were the only breast cancer-specific questionnaires used but do not include questions pertaining to breast reconstruction. The MBROS-S was the only breast reconstruction-specific instrument used in one study [29] . Furthermore, many studies in this systematic review had a very small sample size that makes their results less reliable. Most of the studies sent out self-reported surveys to measure patient satisfaction with BPM, and many of them did not report the response rate. This may have caused volunteer bias as only women with positive outcomes may have decided to participate in these surveys. And finally, most of these studies measured HRQOL at one point of time and do not provide data about changes in different HRQOL domains after BPM over time.
Future studies should use validated and breast surgeryspecific instruments such as the BREAST-Q for measuring patient satisfaction after BPM [35] . This will provide standardized results that can be compared with other similar studies. More longitudinal studies are required to observe changes in HRQOL after BPM over time. Further identification of potential risk factors for dissatisfaction after BPM with or without reconstruction is also warranted.
Conclusion
The results of this systematic review show that overall patient-reported quality of life is high after BPM. Most patients are satisfied with outcomes and report a high psychosocial well-being and body image after BPM that does not change significantly over time. Sexual well-being and somatosensory function are the HRQOL domains most negatively affected after BPM. Patients who did not have reconstruction after BPM reported higher or similar HRQOL as those who did. These results should be seen, however, in the light of less than ideal methodological qualities of the studies evaluated. Future studies must strive to use reliable, well-validated patient-reported outcome instruments to measure quality of life after BPM. This will aid in arming the clinicians and patients alike with highquality data to facilitate their clinical decision-making.
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